Physalis peruviana, commonly known as Cape gooseberry, is an Andean Solanaceae fruit with high nutritional value and interesting medicinal properties. In the present study we report the development and characterization of microsatellite loci from a P. peruviana commercial Colombian genotype. We identified 932 imperfect and 201 perfect Simple Sequence Repeats (SSR) loci in untranslated regions (UTRs) and 304 imperfect and 83 perfect SSR loci in coding regions from the assembled Physalis peruviana leaf transcriptome. The UTR SSR loci were used for the development of 162 primers for amplification. The efficiency of these primers was tested via PCR in a panel of seven P. peruviana accessions including Colombia, Kenya and Ecuador ecotypes and one closely related species Physalis floridana. We obtained an amplification rate of 83% and a polymorphic rate of 22%. Here we report the first P. peruviana specific microsatellite set, a valuable tool for a wide variety of applications, including functional diversity, conservation and improvement of the species.
Introduction
Physalis peruviana commonly known as Cape gooseberry or golden berry is an Andean tropical fruit from the Solanaceae family native to South American countries including Colombia, Ecuador and Peru. Physalis peruviana grows wild in various parts of the Andes, typically 2,200 meters above sea level. The Cape gooseberry was known to the Incas but their origins are not clear, after Christopher Columbus the Cape gooseberry was introduced into Africa and India [1] . In Colombia, over the last three decades, P. peruviana went from being a neglected species to be the most promissory and successful exotic fruit for national and international markets; thus, since 1991, the Cape gooseberry market has been growing annually and in 2007 exports brought USD 34 million into the country. The main consumers of the Colombian Cape gooseberry are Europe with 97%, along with Asia and the United States with the remaining 3% [2] . The commercial interest in this fruit has grown due to its nutritional properties related to high vitamins content, minerals and antioxidants as well as its anti-inflammatory, anti-cancer and other medicinal properties [3, 4, 5, 6, 7, 8] .
Despite growing interest in the Cape gooseberry, little is known about its genetic diversity and population structure. The collections kept in germplasm banks have been partially evaluated for morphologic and agronomic traits [9, 10, 11] . Although it has been reported that Cape gooseberry is a diploid species with 2n = 48 [12] ; different chromosome numbers might exist among genotypes since 2n = 24 has been reported for wild ecotypes, 2n = 32 for the cultivated Colombia ecotype and 2n = 48 for the cultivated Kenya ecotype [13] . The genetic diversity of the Cape gooseberry at the molecular level has been poorly studied, to our knowledge there is only one report applying dominant markers RAMs (Random Amplified Microsatellites) in 43 individuals from five geographical regions in Colombia suggesting high heterozigocity and genetic diversity [14] . Additionally, in our experience, the use of heterologous microsatellite markers previously developed for several other Solanaceae species have not been successful in identifying polymorphic markers in Cape gooseberry.
Microsatellites or SSRs are defined as highly variable DNA sequences composed of tandem repeats of 1-6 nucleotides with codominant inheritance which have become the markers of choice for a variety of applications including characterization and certification of plant materials, identification of varieties with agronomic potential, genetic mapping, assistance in plantbreeding programs, among others [15, 16, 17, 18, 19] . However, no SSR markers specific for P. peruviana have been developed. The genetic analysis with microsatellites is simple and robust, although their identification and development present significant challenges in emerging species [16, 20] . According to the origin of the sequences used for the initial identification of simple repeats, SSRs are divided in two categories: Genomic SSRs which are derived from random genomic sequences and EST-SSRs derived from expressed sequence tags or from coding sequences. Genomic SSRs are not expected to have neither genic function nor close linkage to transcriptional regions, while EST-SSRs and coding-SSRs are tightly linked with functional genes that may influence certain important agronomic characters. The de novo identification of simple sequence repeats has usually involved large-scale sequencing of genomic, SSR-enriched genomic or EST libraries, which are expensive, laborious and time-consuming. Next generation sequencing technologies have enabled rapid identification of SSR loci derived from ESTs which can be identified in any emergent species [17, 19, 21] .
The goal of the present study was to identify polymorphic SSR loci using the assembled leaf transcriptome sequences from a commercial Colombian ecotype of P. peruviana developed in our laboratory (http://www.ncbi.nlm.nih.gov/bioproject/67621). Imperfect as well as perfect repeat searches in non-coding or untranslated regions (UTRs) were performed. From these loci, primers were designed for amplification of UTR SSR loci. The effectiveness of these primers was tested via PCR in seven P. peruviana accessions, among them, the ecotypes Colombia, Kenya and Ecuador, as well as one closely related species Physalis floridana. The molecular markers developed here are valuable tools for assessing functional diversity, aid in species conservation and plant breeding programs.
Materials and Methods

SSR loci identification and marker development
A collection of Physalis peruviana leaf transcript sequences was used as the source for SSR development (Transcriptome Shotgun Assembly (TSA) Database, GenBank Accession numbers JO124085-JO157957). The transcripts were compared for sequence similarity with the non-redundant protein sequences database from NCBI using BLASTX. SSR loci were searched in both coding and non-coding sequences. Candidate SSR loci were identified using Phobos [22] in both coding and non-coding sequences using perfect and imperfect repeat searches with a minimum length of 18 bp for dinucleotides, 24 bp for tri and tetranucleotides, 30 bp for pentanucleotides and 36 bp for hexanucleotide repeats.
Primer design and amplification of SSR loci by PCR
Primer3 version 0.4.0 [23] was used to design primers for microsatellite amplification in P. peruviana. In addition, the oligocalculator -SIGMA Aldrich (http://www.sigma-genosys. com/calc/DNACalc.asp) was used to predict secondary structures (i.e. hairpins, primer dimers) for each primer pair designed. To determine the success of the microsatellite primer design, we carried out PCR tests to amplify the SSR loci in seven P. peruviana accessions (including Kenya, Ecuador and Colombia ecotypes) and one Physalis floridana accession, a closely related species ( Table 1) . The following PCR conditions were used: 1X PCR buffer: 1.5 to 3 mM MgCl 2 depending on the primer pair, 0.2 mM dNTPs, 0.2 to 0.3 mM of each primer (depending on the primer pair), 0.05 U/ml Taq polymerase and 25 ng of genomic DNA, in a 15 ml reaction volume. The temperature conditions were 95uC for 3 minutes followed by 35 cycles of 95uC for 30 seconds, 50 to 52uC (depending on the primer pair) for 30 seconds and 72uC for 90 seconds, and a final extension of 72uC for 8 minutes. The PCR amplification products were analyzed by polyacrylamide gel electrophoresis (PAGE).
Gene Ontology analysis of SSR loci
A gene ontology (GO) analysis was performed using blast2go [24] with the assembled transcript sequences containing the 30 polymorphic SSRs described here. These sequences were compared with the UniProtKB/Swiss-Prot database with a cutoff e-value of 1610 25 . Results
Identification of SSR loci in P. peruviana
A total of 1,520 SSR loci were identified and a large fraction were located in UTRs (74%) as compared to coding sequences (CDS) with 26%. The highest number of SSR loci found contained trinucleotide and hexanucleotide repeats with 544 (36%) and 530 (35%) respectively (Table 2) .
Microsatellite primer design and PCR analysis
The SSR loci selected for primer design were located at UTRs and identified with an imperfect repeat search to increase the probabilities for finding polymorphisms within the individuals analyzed. Using this strategy a total of 162 primers pairs were designed. A successful PCR amplification was obtained for 138 (83%) of the 162 primers designed from microsatellite loci using seven P. peruviana and one P. floridana genotype (Table 1) . Polymorphisms among the eight genotypes were observed for 30 (22%) loci whereas the remaining 108 loci were monomorphic (Figure 1, Tables 3 and 4 ).
Functional relationships of polymorphic SSR markers
A significant GO annotation was found for 10 of the 30 markers, which are related to 43 different ontology terms, of these 27 (67%) were related to biological process, 11 (25%) to molecular function and 5 (8%) to cellular component (Table 5 ).
Discussion
Here we present the first collection of EST-derived microsatellite markers in Physalis peruviana. The highest number of SSR loci found contained trinucleotide and hexanucleotide repeats (Table 2) , which is consistent with results reported in Solanaceae and other plant species [19, 20, 25, 26, 27, 28, 29, 30, 31] . 1,236 out of 1,520 SSR loci are composed of imperfect repeats increasing the probability of polymorphism among Physalis species. This inference is bolstered by the fact that 30 of the 162 imperfect SSRs (22%) were polymorphic in the panel of 8 accessions from P. peruviana and the related species P. floridana (Table 1) , suggesting the potential utility of these genetic based SSR markers for future studies. i.e. germplasm diversity and breeding applications [17, 19, 32] .
Our results show that most of the SSR loci were located at UTRs (Table 2) in agreement with the results reported by Morgante and others [27] who hypothesize that in plants most of the SSR loci from transcribed regions are distributed along the UTRs. Increased numbers of SSR loci at UTRs could be related to changes in transcription (59UTRs) or RNA silencing (39UTRs), which are sources of variation among species [18, 19, 20, 29, 30] . Cereal species appear to have a different SSR distribution; Yu and others [33] found that most of the 444 EST derived SSR markers (62%) were located at coding regions, while 38% were located at UTRs.
Since the SSR loci found in this study were derived from genes, they may be related to some traits of interest [18, 20, 27] such as resistance to Fusaruim oxysporum, which is one of the main constraints for Cape gooseberry production at the commercial level. According to the functional annotation obtained by the GO analysis, two polymorphic SSR markers (SSR54 and SSR77 respectively) were related with proteins involved in defense responses to pathogens such as programed cell death and ethylene as well as jasmonic acid pathways. These two polymorphic SSR makers would be useful in P. peruviana breeding programs focused on F. oxysporum resistance.
The high rate of successful PCR amplification for the primer pairs designed (84%, Table 4 ) is related to the fact that these loci are specific to P. peruviana and they were also developed from genes, increasing the transferability within species of the same genus i.e. P. floridana. These results are in agreement with Zeng et al. and Csencsics et al. [19, 21] , who used full-length cDNA and ESTs and found rates of successful PCR amplification larger than 80%.
This study reports the first set of microsatellite markers developed for P. peruviana and related species. A total of 1,520 SSR loci were identified, including 932 imperfect SSRs located at UTRs. From these loci a total of 162 SSR primers were developed to assay their utility as microsatellite markers in a panel of seven accessions of P. peruviana and one accession of P. floridana by PCR amplification. A total of 138 (83%) primer markers amplified, with a polymorphism rate of 22%. The markers developed here can be used in plant breeding programs that may ultimately lead to superior phenotypic characteristics such as increase in fruit size, reduction in the tendency to split during transport, reduction in the plant susceptibility to pests and diseases, and improvement of fruit quality.
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